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osting by EAbstract Understanding the spectral properties of the carbonatized ultramaﬁc mantle xenoliths
and their host olivine basalts exposed at Jabal Al Maqtal strike-slip basin, south Eastern Desert,
Egypt using portable ASD FieldSpec is the main task of this article. Field data revealed the pres-
ence of ultramaﬁc mantle xenoliths at different stratigraphic levels within Jurassic olivine basalts.
Ultramaﬁc mantle xenoliths are recorded within highly altered olivine basalt topped by hard,
compact brown conglomerate (erosional surface) of 1.5 m thick. They have different sizes (5–
25 cm) and shapes (rounded, sub-rounded and elliptical). The spectral data are collected using
ASD FieldSpec in sunny, free-cloud day. Data measurements were resampled as reference-target
scan. Nearly all the mineralogical constituents of the studied ultramaﬁc mantle xenoliths were
replaced by Mg-Free (<0.5 wt%) calcium carbonate (calcite). Spectrally the ultramaﬁc mantle
xenoliths can be categorized into two main groups based on their Fe and Mn content which pro-
duce absorption features at shorter wavelength regions. The spectral proﬁle of the ﬁrst group
shows a pronounced absorption features around 0.50 lm, 0.65 lm and 0.90 lm wavelength
regions. These features are attributed to the electronic processes within the unﬁlled d-shells of2 9652095.
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Figure 1
42 A.A. Madanitransition Mn2+ and Fe2+ metal cations (MnO and Fe2O3 content are 2.11 wt% and 12.6 wt%
respectively as indicated by XRF analyses). The spectral proﬁle of the second group shows a very
week absorption features in shorter wavelength regions which is attributed to the low MnO
(0.7 wt%) and Fe2O3 (2.17 wt%) content. Both ultramaﬁc mantle xenoliths groups show pro-
nounced absorption features in longer wavelength regions (1.8–2.55 lm). Inspection of the spec-
tral proﬁles of the mantle xenoliths revealed the presence of six absorption features around
1.80 lm, 1.95 lm, 2.00 lm, 2.35 lm, 2.4 lm. and 2.5 lm wavelength regions which are attributed
to the vibrational processes of the carbonate ion. Absorption feature around 1.40 lm wavelength
region is probably due to microcrystalline silica alteration. The spectral proﬁle of fresh olivine
basalt shows low ﬂat reﬂectance curve whereas the reﬂectance curve of altered basalt shows three
little absorption features around 1.40 lm, 1.95 lm and 2.35 lm wavelength regions. These absorp-
tion features are mainly due to calcite alterations.
 2011 National Authority for Remote Sensing and Space Sciences.
Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Jurassic volcanics in south Eastern Desert, Egypt is an impor-
tant feature that characterized Jabal AlMaqtal strike-slip basin.
They contain ultramaﬁc mantle xenoliths, brought to the earth
surface during basaltic extrusions. Madani (2012) presented a
new detailed geological map for Jabal Al Maqtal basin showing
the distribution of the Jurassic volcanics (Fig. 1).Madani (2000)Geological map for the studyrecorded the ultramaﬁcmantle xenoliths in theNatash volcanics
exposed at the south Eastern Desert, Egypt. He studied in detail
ﬁeld occurrences, petrography and geochemistry of the ultra-
maﬁc mantle xenoliths recorded at sites A and B. The present
study is the ﬁrst study that deals with the spectral properties
and reﬂectance proﬁles of the mantle xenoliths and their host
basalts using Analytical Spectral Devices (ASD) FieldSpec
spectroradiometer. Abe et al. (2011) used electron and ionarea modiﬁed after Madani (2012).
Figure 2 (a) Stratigraphic section at site (C), Jabal Al Maqtal
basin, (b) Conglomerates (Co) separate two different episodes of
volcanic activity (V1 and VII).
Figure 3 Highly altered ultramaﬁc mantle xenoliths (MX) have
different sizes (5–20 cm) and shapes (elliptical, rounded and
subrounded).
Spectral properties of carbonatized ultramaﬁc mantle xenoliths 43microprobe geochemical evidence for determining the tectonic
setting ofWadi Natash ultramaﬁc mantle xenoliths, south East-
ern Desert, Egypt. They concluded that they are peridotites
mainly spinel-bearing lherzolite to clinopyroxene-poor lherzo-
lite. Their olivine and orthopyroxene constituents are highly
carbonated and siliciﬁed but many clinopyroxenes and chromi-
an spinel have survived alteration.Ultramaﬁcmantle xenoliths were recorded in the Phanerozo-
ic volcanics of some neighboring countries. In Saudi Arabia,
Kuo andEssene (1986) recorded the presence of ultramaﬁcman-
tle xenoliths in alkali basalts of Kishb plateau. Chazot et al.
(1996) reported ultramaﬁc mantle xenoliths in Yemen. In Shi-
han, Jordan, El-Sharkawi (1982) recorded lherzolite mantle
xenoliths. Nasir and Safarjalani (2000) studied the Syrian ultra-
maﬁc mantle xenoliths from the Shamah volcanic ﬁeld.
Reﬂectance spectroscopy is a rapidly growing technique
used to analyze the spectral data in the VNIR and SWIR
wavelength regions (0.4–2.5 lm) and to identify the different
materials based on the basis of their reﬂectance characteristics
(Spinetti et al., 2009). It also offers a rapid, inexpensive, non-
destructive technique for determining the mineralogy of car-
bonate minerals (Gaffey, 1986). Understanding the spectral
properties of the carbonatized ultramaﬁc mantle xenoliths
and their host olivine basalts using FieldSpec spectroradiome-
ter is the main task of this study. In addition to that, stratigra-
phy of the new ﬁeld locality contains mantle xenoliths at Jabal
Al Maqtal is also presented.
2. Stratigraphy and petrography of ultramaﬁc mantle xenoliths
Ultramaﬁc mantle xenoliths were recorded within Natash bas-
alts by Madani (2000) at sites A and B. Ultramaﬁc mantle
xenoliths were recorded within the Jurassic olivine basalts at
a new site (C), located to the south of site A (Fig. 1). At site
‘‘A’’, the section starts from base with the brown cross-bedded
pebbly sandstone covered by about 20 m of porphyritic vesic-
ular olivine basalt that contains fresh and altered rounded to
sub-rounded ultramaﬁc xenoliths of different sizes ranging
from 5 to 20 cm in diameter. At site ‘‘B’’, 7 m thick greyish
44 A.A. Madaniblack basalt containing frequent ultramaﬁc xenoliths overlain
3-m red bed (paleosol) is recorded. It is overlained by greyish
green amygdaloidal basalt that also contains rounded xeno-
liths. The upper olivine basalt had been eroded at the top lead-
ing to the formation of basal polymictic conglomerate that
shows upward ﬁning. This break was followed by a younger
eruption of black and extremely fresh basalt. This basalt is
completely barren of peridotite xenoliths and is about 7 m
thick. At site (c) two different kinds of basalts separated by
hard, compact conglomerate of about 1 m thick were ob-
served. The stratigraphic section (Fig. 2a) starts at the base
by highly altered, green, fractured olivine basalt (VII)
(Fig. 2b) containing ultramaﬁc mantle xenoliths of different
sizes (5–25 cm) and shapes (rounded, subrounded and ellipti-
cal; Fig. 3). This basalt is overlain by 1 m thick, hard compact
brown conglomerate (CO), followed by 5 m vesicular, amygda-
loidal basalt (VI) shows pillow-like structure. The later is
topped by 1.5 m thick conglomerate (CO).
Petrographically, the ultramaﬁc mantle xenoliths are
coarse-grained and exhibit equi-granular fabrics, composed
mainly of relics of olivine, ortho-pyroxenes and clino-pyrox-
enes. They are mainly replaced by calcite and silica (Fig. 4a).
Olivine is completely altered to calcite, silica and iron oxides.
Some olivine relics were observed. Orthopyroxene crystals
are also completely replaced by calcite. Clinopyroxene is more
resistant against alteration than olivine and orthopyroxene,
and is altered to Fe-hydroxides at the marginal part. Under
the microscope, the host basalts contain olivine phenocryats
embedded within ﬁne-grained groundmass. They are highly
altered along fractures into Fe-hydroxides (Fig. 4b). The
ﬁne-grained groundmass shows ﬂow texture and is represented
by olivine, clinopyroxenes, plagioclase laths, opaques and
apatite.Figure 4 (a) Relics of olivine crystals (Ol) in highly carbonated
(C) and siliciﬁed (S) alterations. (b) Olivine phenocryst (Ol)
embedded within a ﬁne grained groundmass (Gm). Note, iron
alteration (Fe) along cracks.
Table 1 Details of the ASD FieldSpec 3 spectroradiometer.
Spectral range 350–2500 nm
Detectors VNIR (350–1000 nm)
SWIR1 (1000–1830 nm)
SWIR2 (1830–2500 nm)
Spectral resolution 3 nm at 700 nm
10 nm at 1400 nm
10 nm at 2100 nm
Sampling interval 1.4 nm for 350–1000 nm
2 nm for 1000–2500 nm
Field of view 8, 18, 28 degrees3. ASD FieldSpec data collection and analyses
The spectral data of four representative ultramaﬁcmantle xeno-
liths and olivine basaltic samples were collected using ASD
FieldSpec3 portable spectroradiometer under a suitable
weather conditions. ASD FieldSpec3 portable spectroradiom-
eter is speciﬁcally designed for ﬁeld environment to acquire vis-
ible near-infrared (VNIR) and short-wave infrared (SWIR)
spectra in the 0.35–2.50 lm spectral range (ASD, 2007). For
instrument details refer to Table 1. Calibration was performed
with Spectralon. Optimization and dark current collection
should be obtained before spectral data collection.Optimization
adjusts the sensitivity of instrument detectors according to spe-
ciﬁc illumination conditions at the time of data measurements.
Data measurements should be resembled as ‘‘RTRTRT’’ for-
mat inwhich ‘R’ refers to reference scanwhereas ‘T’ refers to tar-
get scan.
Fig. 5a–d show the X–Y scatter plots of surface reﬂectance
proﬁles for four representative ultramaﬁc mantle xenoliths and
olivine basaltic samples with removing water bands (1.35–
1.46 lm and 1.79–1.96 lm). Fig. 5a shows the spectral proﬁle
of the ﬁrst ultramaﬁc mantle xenolith sample. It shows a pro-
nounced absorption features in the shorter wavelength region
around 0.50 lm, 0.65 lm and 0.90 lm. It also shows a week
absorption feature near 1.40 lm wavelength region. Beside
the above mentioned absorption features, the ﬁrst spectral pro-
ﬁle of ultramaﬁc mantle xenolith shows a well pronouncedabsorption features near 1.80 lm, 1.95 lm, 2.00 lm, 2.35 lm,
2.40 lm and 2.50 lm wavelength regions. The second ultra-
maﬁc mantle xenolith spectral proﬁle (Fig. 5b) does not show
a pronounced absorption features in the shorter wavelength
Figure 5 X–Y scatter plot of surface reﬂectance data for: (a, b) ultramaﬁc mantle xenoliths, (c) fresh olivine basalt, and (d) altered olivine
basalt.
Spectral properties of carbonatized ultramaﬁc mantle xenoliths 45region. It shows only the above described absorption features
in the longer wavelength region with deep absorption features
around 2.35 lm and 2.40 lm wavelength regions. Fig. 5c rep-
resents the spectral proﬁle of the fresh olivine basaltic sample.
It shows a low ﬂat reﬂectance values with no pronounced
absorption features. Fig. 5d represents the spectral proﬁle of
the altered olivine basaltic sample. It shows slight increase in
reﬂectance values in addition to slight absorption features
around 1.40 lm, 1.95 lm and 2.35 lm wavelength regions.
4. Results and discussion
4.1. Spectral properties of ultramaﬁc mantle xenoliths
Petrographic studies of the ultramaﬁc mantle xenoliths re-
vealed that nearly all the mineralogical constituents (olivine,
ortho-pyroxenes and clino-pyroxenes) were subjected to exten-
sive carbonatization. The kind of carbonate mineral is Mg-
Free (<0.5 wt%) calcium carbonate (calcite) as indicated by
semi-quantitative analysis done by Abe et al. (in press). Figs.
6a–d shows USGS spectral proﬁles of calcite, dolomite, rhodo-
chrosite and siderite carbonate minerals (Clark et al., 1993).
Nearly all the spectral proﬁles show a pronounced absorption
features in longer wavelength regions (1.80–3.0 lm) which may
be due to carbonate ion. Rhodochrosite spectral proﬁle showsa well deﬁned absorption features in shorter wavelength region
around 0.5 lm which is attributed to presence of Mn content.
Also spectral proﬁle of siderite shows a well deﬁned absorption
feature around 1.0 lm due to presence of Fe content.
4.1.1. Mn2+ absorption bands
Several authors dealt with spectral characteristics of carbonate
minerals, among them are Hunt and Salisbury (1971), Adams
(1974), Hunt (1977), Mackenzie et al. (1983) and Gaffey (1984,
1986). Light interacting with a carbonate mineral may be ab-
sorbed by vibrational processes of the carbonate ion and by
electronic processes within the unﬁlled d-shells of transition
metal cations present, e.g., Mn2+ and Fe2+ (Hunt and Salis-
bury, 1971). Gaffey (1986) attributed the presence of narrow
features between 0.30 lm and 0.80 lm due to the presence of
Mn2+. Fig. 7 shows the spectral reﬂectance curves of three dol-
omites contain different Fe and Mn contents (Gaffey, 1984).
The intensities of the carbonate bands in the three spectra
are similar but in shorter wavelength region Fe2+ and Mn2+
intensities increased with increasing Fe and Mn content.
Table 2 shows major elements analyses for six representa-
tive ultramaﬁc mantle xenoliths carried out by Madani
(2000) at Argon National Lab., USA. Based on MnO and
Fe2O3 contents the author grouped the mantle xenoliths into
two groups. The ﬁrst group contains high contents of MnO
Figure 6 USGS spectral proﬁles for (a) calcite, (b) dolomite, (c) rhodochrosite and (d) siderite (Clark et al., 1993).
Figure 7 Spectral reﬂectance curves of three dolomites with
different Mn and Fe content. Modiﬁed after Gaffey (1984).
Table 2 XRF analyses for ultramaﬁc mantle xenoliths (after
Madani, 2000).
1 2 3 4 5 6
SiO2 17.88 32.15 22.47 19.07 23.94 25.26
TiO2 0.07 0.03 0.16 0.09 0.06 0.22
Al2O3 1.06 2.40 3.30 1.60 2.13 2.26
Fe2O3 5.53 8.07 7.00 2.17 11.49 12.60
MnO 2.11 1.45 1.66 0.71 1.36 1.30
MgO 0.82 1.15 1.97 2.40 6.66 1.50
CaO 38.49 29.4 33.98 40.15 29.14 29.69
Na2O 0.08 0.08 0.12 0.04 0.11 0.11
K2O 0.06 0.20 0.23 0.06 0.03 0.22
P2O5 0.05 0.00 0.02 0.02 0.03 0.06
LOI 32.35 24.38 28.51 32.60 24.03 25.93
Total 98.50 99.31 99.42 98.91 98.98 99.15
46 A.A. Madani(reached up to 2.11 wt%) whereas the second group contains
low content of MnO (0.71 wt%). As mentioned before, when
Mn content increases the intensities within a shorter
Figure 8 X–Y scatter plot of surface reﬂectance data for the
ultramaﬁc mantle xenoliths groups.
Figure 9 X–Y scatter plot of surface reﬂectance data for fresh
and altered olivine basalts (red and blue) respectively.
Table 3 Summary of the spectral properties, causes and related min
basalts erupted during Late Jurassic time within Jabal Al Maqtal ba
Rock unit ASD FieldSpec reﬂectance
proﬁles
Ultramaﬁc Mantle Xenoliths 1. Two absorption features
around 0.50 lm and
0.65 lm wavelength regions
2. Broad feature around
0.90 lm. These are
related to Fe-content
3. Little absorption feature
near 1.40 lm
4. Signiﬁcant absorption
features near 1.80 lm,
1.95 lm,
2.00 lm, 2.35 lm, 2.40 lm,
and 2.5 lm wavelength
regions
Olivine Basalts 1. Low ﬂat spectra for fresh
basalt
2. Small absorption features
around 1.45 lm, 1.95 lm and
2.35 lm wavelength regions
Spectral properties of carbonatized ultramaﬁc mantle xenoliths 47wavelengths increase also. Fig. 8 shows the X–Y scatter plot of
surface reﬂectance data for the ﬁrst ultramaﬁc mantle xenolith
group (red color). It shows absorption features around 0.5 lm
and 0.65 lm wavelength regions. The author attributed these
features to the electronic processes within the unﬁlled d-shells
of transition Mn2+ metal cation.
4.1.2. Fe2+ absorption band
Fig. 8 shows a broad absorption feature around 0.90 lm wave-
length region. This feature is attributed to the Fe2+ content.
Presence of Fe2+ can produce broad absorption features near
1.0 lm (Holmes and McClure, 1957; Bjerrum et al., 1954; Ball-
hausen, 1962). Gaffey (1986) discusses the presence of absorp-
tion features due to presence of ferrous iron in calcite and
dolomite. The increase in the intensity of this broad band is
positively correlated with increasing iron content in dolomite.
The average contents of Fe as Fe2O3 wt% in ultramaﬁc mantle
xenoliths (determined by X- ray Fluorescence) is 7.81 (Madani,
2000). The absorption feature around 1.40 lm wavelength re-
gion is probably due to microcrystalline silica alteration.
4.1.3. Carbonate absorption bands
There are several carbonate bands in the region between
1.6 lm and 2.50 lm reported by several workers. Gaffey
(1986) reported the presence of at least seven absorption fea-
tures in 1.60–2.55 lm wavelength. Hunt and Salisbury (1971)
reported ﬁve carbonate bands in this region (1.9, 2.00, 2.16,
2.35 and 2.55 lm). Throughout this study six absorption fea-
tures were reported due to vibrational processes of carbonate
ion (1.80 lm, 1.95 lm, 2.00 lm, 2.35 lm, 2.4 lm. and 2.5 lm,
Fig. 8).
The second mantle xenoliths spectral proﬁle (Fig. 8, blue
color) shows very week Mn and Fe absorption features in
the shorter wavelength region. These may be due to low
MnO (0.7 wt%) and Fe2O3 (2.17 wt%) content in this sample
(refer to Table 2). One important feature in this spectral proﬁle
is the presence of deep carbonate band around 2.35 lmeralogy of the ultramaﬁc mantle xenoliths and their host olivine
sin.
Causes Related Mineralogical
composition
1. Presence of Mn2+ UMX is mainly composed of
highly carbonated and
siliciﬁed olivine, and
pyroxenes2. Presence of Fe2+
3. May be due to presence
of silica
4. Presence of carbonate ion
1. High content of opaques
in groundmass
Olivine and pyroxene
phenocrysts embedded
within ﬁne grained
groundmass
2. Related to silica and
calcite alterations
48 A.A. Madani(CaO = 40.15) in addition to two small features around
2.4 lm and 2.5 lm wavelength regions.
4.2. Spectral properties of host olivine basalts
Fig. 9 shows the X–Y scatter plot of surface reﬂectance curves
for fresh and altered olivine basaltic samples with removing the
water bands (1.35–1.46 lm and 1.79–1.96 lm). The spectral
proﬁle of fresh olivine basalt shows low ﬂat reﬂectance curve
whereas the reﬂectance curve of altered basalt shows three little
absorption features (I, II and III) around 1.4 lm, 1.95 lm and
2.35 lm. These absorption features are mainly due to carbon-
ate alterations. Table 3 concludes the spectral characteristics,
causes and mineralogical composition of the ultramaﬁc mantle
xenoliths and their host olivine basalts.5. Conclusions
This research presents for the ﬁrst time the spectral properties
and reﬂectance proﬁles of the carbonatized ultramaﬁc mantle
xenoliths and their host olivine basalts exposed at Jabal Al
Maqtal strike-slip basin, south Eastern Desert, Egypt. Based
on Mn and Fe contents and their absorption features at short-
er wavelength regions the studied ultramaﬁc mantle xenoliths
can be categorized into two main groups. The ﬁrst group
shows the following absorption features: (1) Two absorption
features around 0.5 lm and 0.65 lm wavelength regions which
are attributed to the Mn2+ content. (2) Broad absorption fea-
ture around 0.90 lm is attributed to the Fe2+ content (3)
Absorption feature around 1.40 lm wavelength region is prob-
ably due to microcrystalline silica alteration. (4) Six absorption
features (1.80 lm, 1.95 lm, 2.00 lm, 2.35 lm, 2.4 lm. and
2.5 lm) were reported due to carbonate ion. The second ultra-
maﬁc mantle xenoliths group shows very week absorption fea-
tures in shorter wavelength regions besides a well known
absorption features in longer wavelengths. The spectral proﬁle
of fresh olivine basalt shows low ﬂat reﬂectance curve whereas
the reﬂectance curve of altered basalt shows three little absorp-
tion features around 1.40 lm, 1.95 lm and 2.35 lm. These
absorption features are mainly due to silica and carbonate
alterations
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